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Agenda ɀDay 1

Å Introduction

Å Presentation ɀOverview of Analytical Approach

Å Discussion

Å Presentation ɀLoad Segmentation

Å Discussion

Å Break

Å Presentation ɀMG Transmission Elements  and DER 
Options / Solutions

Å Discussion

Å Wrap-up Day 1

Optimization - Workshop #1 2



Agenda ɀDay 2

Å Recap ɀDay 1

Å Discussion ɀObservations Day 1

Å Presentation ɀGuiding Principles for Optimization / 
Cost Effectiveness Metrics

Å Discussion

Å Break

Å Presentation ɀDER Resiliency Placeholder Value

Å Discussion

Å Wrap-up Day 2 / Workshop #1
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Introduction
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2ÅÓÉÌÉÅÎÃÙ ÏÆ 02%0!ȭÓ 'ÒÉÄ

ü ȰȣÔÈÉÓ ÐÒÏÃÅÅÄÉÎÇ ×ÉÌÌ ÂÅ ÔÈÅ ÆÏÒÕÍ ÔÏ ÆÕÒÔÈÅÒ ÅØÐÌÏÒÅ ÔÈÅ ÃÏÓÔÓȟ ÂÅÎÅÆÉÔÓȟ 
and alternative configurations of combinations of wires (i.e., hardened 
T&D assets) and local distributed resources that best serve Puerto Ricans 
in safeguarding against the effects of short-term and extended electric 
system outages that can occur ÁÓ Á ÒÅÓÕÌÔ ÏÆ ÓÅÖÅÒÅ ×ÅÁÔÈÅÒ ÅÖÅÎÔÓȢȱ ɍ)20 
Order ¶117]

The goal is for the electric power system to exhibit a degree of resilience such 
that for severe transmission system disruptions, likely coupled with extensive 
distribution system disruption, load service (especially for critical load at 
essential facilities, but also for other load) is minimally interrupted or not 
interrupted at all. 
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Optimization Proceeding Objective

ü Determine a reasonable, near-optimal mix of: 

ü additional transmission investment for the PREPA identified 
MiniGrid regions; and 

ü local distributed resource deployment. 

ü Determine the way resiliency investments would be made:
ü Direct customer installation 

ü energy or energy/capacity resources behind the meter, 

ü with or without PREPA tariff-based or procurement-based support;

ü PREPA resource procurement (direct RFPs/PPOA, DR tariffs, other forms offeed-
in tariffs);

ü PREPA installation of transmission or distribution equipment (traditional); or,

ü A combination of these mechanisms.
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Two Types of Resiliency Solutions 
Not Mutually Exclusive

DER Deployment 
ü Site-specific DG or microgrids serving 

critical (& other?) load during grid outage
ü Distributed resiliency  
ü Avoids some level of T&D expenditure

VS.T&D System Hardening Approach Distributed Resource Approach

MiniGrid Approach
ü Undergrounding of existing/new 

transmission infrastructure  
ü Selective substation hardening
ü $5.9B in MG Tx expenditures, + 

additional distribution $
ü Ensure sufficient capacity to meet 

critical/ other load 
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Workshop Objectives

Workshop 1

ü Engagement and discussion ɀstakeholders/PREPA ɀinformal
ü Define resiliency or need 

ü Electrical service to critical / essential facilities, and other load (to what extent?) 
ü MW, MWh? Load Factor (how much is critical)? Time horizons (duration)?

ü 3ÐÅÃÉÆÙ ÆÏÒÍÓ ÏÆ ÒÅÓÉÌÉÅÎÃÙ ÓÏÌÕÔÉÏÎÓ ÁÎÄ ÈÏ× ÔÈÅÙ ÏÖÅÒÌÁÐ ×ÉÔÈ ȰÂÌÕÅ ÓËÙȱ ÎÅÅÄÓ
ü Distributed resources at load (capacity, energy)  - including microgrids, and single site DER 
ü Transmission & distribution upgrades delivering capacity, energy ςblue sky & storms

ü How will resiliency solutions be procured and paid for, and how does that affect 
optimization?
ü tǊŀŎǘƛŎŀƭƛǘƛŜǎΥ ǘƛƳŜ ƘƻǊƛȊƻƴǎΚ  ǿƘƻ ǇŀȅǎκǿƘŀǘ ǎŜǊǾƛŎŜǎΚ  Ŏƻǎǘǎ ŀƭƭƻŎŀǘŜŘΚ  ǿƘŀǘΩǎ ŦŀƛǊΚ
ü Methods to rapidly deploy DER as resiliency solution
ü Funding sources ςany impact? 

ü Define/discuss/refine analytical approach
ü Load segmentation to determine need ςat what granularity? Why? 
ü Determine/estimate costs of alternatives ςin aggregate - T, D, GIS, microgrids, stand-alone DER
ü Means to determine which resiliency solution will be used for which loads, and where

ü End result: Guiding principles for optimization ɀpracticality, not perfection
ü determine which transmission to proceed with
ü determine DER deployments

Issues Summary and Remaining Workshops

ü Next slide
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Issues and Remaining Workshops

üIssues ςHow does optimization address:
üά.ƭǳŜ ǎƪȅέ ŀƴŘ ǊŜǎƛƭƛŜƴŎȅ ƴŜŜŘǎ ςall DER resources service both normal and 

weather event circumstances 

üConsideration of the avoided costs of T, D for DER solutions

üUncertainty of costs for both forms of solutions

üTransmission grid is integrated ςMiniGridŀƴŘ άbƻƴ-MiniGridέ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ
ü Iƻǿ ŘƻŜǎ ƻǇǘƛƳƛȊŀǘƛƻƴ ŀŘŘǊŜǎǎ άƻǘƘŜǊέ ǘǊŀƴǎƳƛǎǎƛƻƴΚ

üRemaining Workshops
üReview transmission projects/categories; determine which are reasonable to 

proceed

üSan Juan / Bayamon projects first

üDistributed resources for balance of resiliency need
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Workshop Day 1 Topics

Å Analytical Approach

Å Load Segmentation

Å MiniGrid (MG) Transmission Elements

Å Distributed Resource Options
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Questions & Discussion

ü Objectives

ü Agenda Items

ü Process
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Overview of 
Analytical 
Approach
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Analytical Objective

ü Determine reasonably lowest cost mix of MiniGrid transmission 
assetsand DERs to enhance grid resiliency

ü IÄÅÎÔÉÆÙ ȰÎÏ ÒÅÇÒÅÔÓȱ ÓÏÌÕÔÉÏÎÓ ÆÏÒȡ 
ü Transmission infrastructure hardening 
ü Microgrid or stand-alone distributed generation

ü Refine analysis for more difficult transmission vs DG cases

ü Recognize that DER resources for grid resiliency are also available 
ÆÏÒ ȰÂÌÕÅ ÓËÙȱ ÄÁÙÓȠ ÃÏÎÖÅÒÓÅÌÙȟ $%2Ó ÔÈÁÔ ÓÕÐÐÏÒÔ ÃÁÐÁÃÉÔÙ ÁÎÄ 
energy needs can be doubly-purposed to also provide resiliency.

ü 4ÒÁÎÓÍÉÓÓÉÏÎ ÒÅÉÎÆÏÒÃÅÍÅÎÔ ÎÅÅÄÅÄ ÆÏÒ ȰÂÌÕÅ ÓËÙȱ ÏÐÅÒÁÔÉÏÎ ÉÎ 
ÁÄÄÉÔÉÏÎ ÔÏ ÓÅÒÖÉÎÇ ÁÓ ȰMiniGridȱ ÒÅÓÏÕÒÃÅ ÉÎ ÓÅÖÅÒÅ 
weather/islanded mode.  
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Analytical Framework for Resilient Grid

1. Identify and define classes of customers regarding the criticality of 
electricity service and associated expected levels of resiliency.

ςȢ )ÄÅÎÔÉÆÙ ÁÎÄ ÄÅÓÃÒÉÂÅ ÔÈÅ ÃÕÓÔÏÍÅÒÓȭ ÒÏÌÅÓ ÉÎ ÐÒÏÖÉÄÉÎÇ ÃÁÐÁÃÉÔÙ ÁÎÄ 
energy supply for resiliency.

3. Provide microgrid and related single-site (individually, or in the 
aggregate as VPPs) local capacity and energy solutions for both resiliency 
and normal energy/capacity needs.

4. Determine transmission costs, avoided transmission costs.

5. Optimize transmission and distribution (T&D) system expenditures for 
ÒÅÓÉÌÉÅÎÃÙȟ ÉÎÃÌÕÄÉÎÇ ÁÓÐÅÃÔÓ ÏÆ 02%0!ȭÓMiniGrid concept.
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Detailed Analytical Approach

ü Segment the load
ü Determine the resiliency need by segment
üDefine what is critical ɀtype of load (e.g., essential facilities) ɀand the 
ÉÍÐÏÒÔÁÎÃÅ ÏÆ ȰÏÔÈÅÒȱÌÏÁÄ(e.g., refrigeration and water pumps)  

üQuantitative metrics to define capacity/energy need (e.g., MW, MWh, load 
coverage to provide resiliency)

ü Assess cost of DER solutions
ü Assess cost of transmission system to serve dense critical load clusters, other?
ü Split resiliency approach into two groups: 
üMiniGrid approach (T&D system hardening)
üDER approach (microgrid and stand-alone, single site DER)

ü 7ÈÁÔ ×ÏÒËÓ ÑÕÉÃËÌÙȩ 7ÈÁÔȭÓ ÂÅÓÔ ÆÏÒ ÌÏÎÇ-term?
ü Test cost-effectiveness
ü Determine transmission builds
ü Determine DER builds
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DataInputs to Analytical Approach

ü Load inputs ςfor segmentation ςcapacity, energy, by segment

ü Requirements ςresiliency need for essential facilities, other load (% ?)

ü Cost, and coverage (kW, kWh), for DER solutions (data source: Sandia? 
NREL? Actual installations?)

ü PV/BESS standalone / Other generation?

ü Microgrid

ü Cost, and coverage for transmission & distribution solutions under 
MiniGridapproach, from IRP Order, Appendix 1

ü Tx costs by component and type (minigridvs non-minigrid)

ü Tx costs by technical justification

ü Distribution

ü Address what data is confidential; what is needed for optimization

ü Estimate of avoided transmission, distribution costs with DER approaches 
for resiliency
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Resiliency Approach Matrix

San Juan / Bayamon Comparison Metrics and Outcomes ςMiniGrid (MG) and 
microgrid/DER Solutions

Essential 
Facility 

Category

Customer Type Example: Peak 
Loadof Essential 
Facility Category

Example: 
Energy % 

of normal for 
resiliency

Comment Default form of service 
for resilience

Total load 
served by 
solution

Cost ς
MiniGrid

Cost ςMicrogrid/DER Cost of Resiliency 
($/MWh) MiniGrid

Cost of 
Resiliency 
($/MWh) 

DER

1 ςVery 
Large/ Critical 
Loads

Airports, Large Hospitals, Major 
PRASA (water/sewer)

5-10 MW Actual load 
factor (100% 
of all load)

Site specific, customized solution, highly 
critical infrastructure

MiniGridconnected

2 ςLarge Hospitals, nursing homes, large 
pumping stations, arenas, military 
installations, government buildings 
serving essential services

1-5 MW 50-100% Site specific, customized solution, highly 
critical infrastructure but not optimally 
located forMiniGrid

Minigrid connected or 
Microgrid

3 ςMedium/ 
Large

Fire, police, water/sewer pumping, 
large town centers

250-1000 kW 50-100% Opportunistic connection 
to Minigrid if <1 mileaway

Microgrid or stand-
alone

4 ςMedium/ 
Small

Small town centers/dense 
residential areas

50-250 kW 25-50% Opportunistic connection 
to Minigrid/microgrid if< ½ mileaway

Stand-alone

5 ςSmall Grocery store/gas stations 5-50 kW 25-50% PV/BESS/IC units Stand-alone 
PPOA/FIT/DR

6 ςVery Small Telecommunications towers <5 kW 100% PV/BESS/Integrated Circuit (IC)units Stand-alone 
PPOA/FIT/DR

7 - Other Residences, other single sites <10 kW 25-50% PV/BESS NEM/DR
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Questions &  Discussion

ü Resiliency Approach Matrix?

ü (Ï× ÑÕÉÃËÌÙ ÃÁÎ ÓÐÅÃÉÆÉÃȟ ȰÌÅÁÓÔ ÒÅÇÒÅÔÓȱ ÔÒÁÎÓÍÉÓÓÉÏÎ ÐÒÏÊÅÃÔÓ ÂÅ ÉÄÅÎÔÉÆÉÅÄ ÔÏ ÁÌÌÏ× ȰÆÁÓÔ 
ÔÒÁÃËȱ ÆÏÒ ÃÏÎÓÔÒÕÃÔÉÏÎȩ ɍ%ȢÇȢȟ ×ÈÉÃÈ 3ÁÎ *ÕÁÎ ÐÒÏÊÅÃÔÓȩɎ

ü (Ï× ÃÁÎ ×Å ÄÉÓÃÅÒÎ ȰÌÅÁÓÔ ÒÅÇÒÅÔÓȱ ÔÒÁÎÓÍÉÓÓÉÏÎ ÆÒÏÍ ÍÏÒÅ ÍÁÒÇÉÎÁÌ ÐÒÏÊÅÃÔÓȩ

ü How do we determine the value of avoided transmission costs? 

ü Simple $/kW? Which $? Which kW?

ü Distribution hardening is key to allow critical load service for any project associated with 
transmission.  

ü How to align D with T projects? Wasted T if D not addressed?

ü How does DER payment / control / accounting work for blue sky vs. resiliency needs?

ü Who pays for battery capacity (customer or PREPA) ɀhow much, through what 
mechanism? How to measure quantity? Does PREPA control via VPP/DR aggregator? 
How is control instituted?

ü Who pays for solar PV panels ɀhow much and through what mechanism?

ü Who pays for transmission / distribution? Spread across all load? Does all load benefit?
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Load 
Segmentation
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Purpose of Load Segmentation

ü ȣȱÐÒÉÍÁÒÙ ÐÕÒÐÏÓÅ ÏÆ Á ÄÅÔÅÒÍÉÎÁÔÉÏÎ ÏÎ ÌÏÁÄ ÓÅÇÍÅÎÔÁÔÉÏÎ 
approaches at the very outset of the proceeding is to appropriately 
ÄÅÆÉÎÅ ÂÁÓÅÌÉÎÅ ÃÒÉÔÅÒÉÁ ÆÏÒ ×ÈÉÃÈ ÌÏÁÄ ÃÏÎÓÔÉÔÕÔÅÓ ÔÒÕÌÙ ȰÃÒÉÔÉÃÁÌȱ ÏÒ 
ȰÐÒÉÏÒÉÔÙȱ ÌÏÁÄ ÆÏÒ ÐÕÒÐÏÓÅ ÏÆ ÅØÁÍÉÎÉÎÇ ÔÈÅ ÃÏÓÔ-effectiveness of 
ÁÌÔÅÒÎÁÔÉÖÅ ÒÅÓÉÌÉÅÎÃÙ ÓÏÌÕÔÉÏÎÓȢȱ  

Optimization Proceeding Order, page 8
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Objective of Load Segmentation 

Å To optimize expenditures between wires and DERs, must first identify 

ÁÎÄ ÄÅÆÉÎÅ ÔÈÅ ȰÃÒÉÔÉÃÁÌȱ ÏÒ ÏÔÈÅÒ ÌÏÁÄ ÓÅÒÖÉÃÅ ÁÃÒÏÓÓ ÃÕÓÔÏÍÅÒ ÃÌÁÓÓÅÓ 

with respect to both the size and location of that load.  

Å Capacity and energy needs are required, in part to test ability of PV 

alone to meet needs for DER solutions for some load segments.

Å Some critical service needs come with a high load factor requirement (with respect 

to normal peak), and energy need may drive the requirements more than peak load.

Å Other critical service needs may be minimal with respect to normal peak (e.g., 

household needs).  

Å After identifying the loads, the costs of potential solutions will be 

determined, as applicable.
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Approach to Load Segmentation

ü Customer segmentation: 

ü By essential facility classification or customer class (see Resiliency 

Matrix)

ü By time ɀEnergy and peak demands by day, day-type (weekend vs. 

weekday), season

ü By size (kW or MW peak demand, and kWh consumption patterns)

ü By type of load (resiliency need): e.g., PREPA defines need as 

critical, priority, and balance 
ü But other definitions considered for purpose of optimization (e.g., portion of 

ȰÂÁÌÁÎÃÅȱ ÌÏÁÄ ÔÈÁÔ ÉÓ ÃÒÉÔÉÃÁÌȠ ÁÎÄ ÐÏÒÔÉÏÎ ÏÆ ȰÃÒÉÔÉÃÁÌȱ ÌÏÁÄ ÔÈÁÔ ÉÓ ÎÏÔ ÃÒÉÔÉÃÁÌɊȢ

ü By location ɀMinigrid region, substation, feeder, transmission line, other? 

ü 0ÒÅÓÕÍÐÔÉÏÎ ÏÆ ÈÅÁÄÒÏÏÍ ÏÎ ÆÅÅÄÅÒÓ ÆÏÒ ȰÒÅÓÉÌÉÅÎÃÙȱ ÌÏÁÄ ÎÅÅÄÓȟ 
ÔÈÏÕÇÈ ȰÂÌÕÅ ÓËÙȱ ÎÅÅÄÓ ÍÁÙ ÂÅ ÍÏÒÅ ÒÅÓÔÒÉÃÔÉÖÅ
ü %ÖÅÎÔÕÁÌÌÙȡ ÉÎÃÏÒÐÏÒÁÔÅ ÈÏÓÔÉÎÇ ÃÁÐÁÃÉÔÙ ÁÎÁÌÙÓÉÓ ÒÅÓÕÌÔÓ ÔÏ ÉÄÅÎÔÉÆÙ ȰÈÅÁÄÒÏÏÍȱ ÏÎ 

feeders for maximizing integration of distributed generation 
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Resiliency Approach Matrix

San Juan / Bayamon Comparison Metrics and Outcomes ςMiniGrid (MG) and 
microgrid/DER Solutions

Essential 
Facility 

Category

Customer Type Example: Peak 
Loadof Essential 
Facility Category

Example: 
Energy % 

of normal for 
resiliency

Comment Default form of service 
for resilience

Total load 
served by 
solution

Cost ς
MiniGrid

Cost ςMicrogrid/DER Cost of Resiliency 
($/MWh) MiniGrid

Cost of 
Resiliency 
($/MWh) 

DER

1 ςVery 
Large/ Critical 
Loads

Airports, Large Hospitals, Major 
PRASA (water/sewer)

5-10 MW Actual load 
factor (100% 
of all load)

Site specific, customized solution, highly 
critical infrastructure

MiniGridconnected

2 ςLarge Hospitals, nursing homes, large 
pumping stations, arenas, military 
installations, government buildings 
serving essential services

1-5 MW 50-100% Site specific, customized solution, highly 
critical infrastructure but not optimally 
located forMiniGrid

Minigrid connected or 
Microgrid

3 ςMedium/ 
Large

Fire, police, water/sewer pumping, 
large town centers

250-1000 kW 50-100% Opportunistic connection 
to Minigrid if <1 mileaway

Microgrid or stand-
alone

4 ςMedium/ 
Small

Small town centers/dense 
residential areas

50-250 kW 25-50% Opportunistic connection 
to Minigrid/microgrid if< ½ mileaway

Stand-alone

5 ςSmall Grocery store/gas stations 5-50 kW 25-50% PV/BESS/IC units Stand-alone 
PPOA/FIT/DR

6 ςVery Small Telecommunications towers <5 kW 100% PV/BESS/Integrated Circuit (IC)units Stand-alone 
PPOA/FIT/DR

7 - Other Residences, other single sites <10 kW 25-50% PV/BESS NEM/DR
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Load segmentation granularity - IRP

ü Is this sufficient granularity for DER considerations? [No?]
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Critical / Priority / Balance Load

ü What is the amount of critical load requiring resiliency solution?
ü PREPA IRP: Critical load represents the peak consumption of the total load 

connected to feeders that serve any critical customer
ü PREPA noted that up to 1,177 MW of critical load could exist.
ü Is this the right # for DER optimization that targets individual facilities, and 

not entire feeders? No.

ü How does this impact the optimization?
ü Need to consider actual critical and other customer load served under each 

of the respective solutions. 
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Open Discussion / Questions

ü Feedback on load segmentation approach

ü What load is critical? 

ü What are best sources for load data ɀPREPA only?

ü How to fill in Matrix

ü Is data on the loads of critical customers readily available?

ü Other considerations?
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Break
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MiniGrid
Transmission 

Elements
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Bureau Order ɀMiniGrid/DER Approach

ü The Bureau intends at each workshop to start with an identification of the 
most critical, and reasonably obvious, transmission grid needs for infrastructure 
upgrades, dependent in significant part on identification of the location and size of 
the most critical larger loads, their proximity to the transmission system, and the 
relative density of all such critical loads in proximity to the transmission system in 
ÅÁÃÈ ÒÅÇÉÏÎ ɉÉȢÅȢȟ Á ȰÔÏÐ ÄÏ×Îȱ ÁÐÐÒÏÁÃÈ ÔÏ ÉÄÅÎÔÉÆÙÉÎÇ ÔÒÁÎÓÍÉÓÓÉÏÎ ÒÅÓÉÌÉÅÎÃÙ 
solutions).

ü Simultaneously, each workshop will identify those locations where a DER 
approach to providing resiliency is likely more reasonable than a transmission 
investment, by examining, for example, smaller size critical loads in lightly loaded 
areas furthest from the transmission grid or critical loads regardless of size or 
geographical location, but electrically distant from a transmission connection 
ÐÏÉÎÔ ɉÉȢÅȢȟ Á ȰÂÏÔÔÏÍ ÕÐȱ ÁÐÐÒÏÁÃÈ ÔÏ ÉÄÅÎÔÉÆÙÉÎÇ $%2 ÒÅÓÉÌÉÅÎÃÙ ÓÏÌÕÔÉÏÎÓɊȢ 
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PREPA Transmission System

Source: IRP Appendix 1, Redacted Exhibit 
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Transmission MiniGrid Elements

ü ȰMiniGridȱ ÅÌÅÍÅÎÔÓ ÁÒÅ Á ÐÒÏÐÏÓÅÄ ÓÕÂÓÅÔ ÏÆ ÉÎÆÒÁÓÔÒÕÃÔÕÒÅ ɀhardened, 
new & existing ɀintended to promote resilient system operation.

ü MiniGrid infrastructure includes transmission, substation, and 
distribution system elements.
ü PREPA MiniGrid approach included thermal and BESS capacity within regions.

ü Hardened system allows critical load service to be retained in event of severe 
disruption.

ü IRP
ü "ÕÒÅÁÕ ÁÐÐÒÏÖÅÄ Ας ÂÉÌÌÉÏÎ ÆÏÒ ÅÓÓÅÎÔÉÁÌÌÙ ȰÏÔÈÅÒȱ ÎÏÎ-MiniGrid transmission

ü Remaining proposed $5.8 billion is for review in this proceeding.

ü Optimization proceeding review:
ü Focuses on determining which wires components of MG approach are optimal to 

provide resiliency, and where DER is a better alternative.

ü Next slides: summary of MiniGrid costs and type of infrastructure
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115 kV MiniGrid Elements
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38 kV MiniGrid Elements
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MiniGrid Elements Cost By 
Project/Infrastructure Type

Source: IRP (Redacted Transmission Appendix)
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$ Millions Arecibo BayamónCaguas Carolina Isla MayaguezPonce San JuanGrand Total

115 kV Switchyard 17            7               24                 

115 kV Transmission Line 9               42            84            63            87            102          55            49            491               

115 kV Underground Line 81            58            145          182          120          585               

115/38 kV Transmission Center 24            8               36            36            28            44            37            213               

230/115 kV Transmission Center 9               26            21            23            78                 

38 kV Switchyard 9               10            13            14            58            104               

38 kV Transmission Line 57            11            212          46            17            229          2               44            618               

38 kV Underground Line 64            125          153          115          -           215          413          212          1,297           

Gas Insulated Substation 313          250          350          205          305          643          393          2,459           

Grand Total 548          528          1,013      657          104          914          1,193      913          5,870           



MiniGrid and Non-MiniGrid Cost 
Components by Technical Justification

$ Millions Arecibo Bayamón Caguas Carolina Isla Mayaguez Ponce San Juan Grand Total

Existing Transmission / Non-MiniGrid

Aging Infrastructure Replacement 29            29                 

Existing Infrastructure Hardening for Reliability 327          197          83            -           701          71            276          209          1,864           

Existing Infrastructure Hardening for Reliability 38            38                 

SubTotal Non-MiniGrid 327          197          83            -           738          71            276          238          1,930           

MiniGrid Transmission

Interconnection of Critical Loads 240          245          299          211          10            391          827          344          2,569           

Interconnection of Minigrids 72            56            14            143               

Minigrid Backbone Extensions to Create High 

Reliability/Resiliency Zones 5               11            3               30            7               150          206               

Minigrid Main Backbone 278          255          387          295          30            229          306          322          2,103           

Existing Infrastructure Hardening for Reliability - MG 5               220          100          264          60            648               

Aging Infrastructure Replacement-MG 24            12            33            21            30            45            37            202               

Subtotal MinGrid 548          528          1,013      657          104          914          1,193      913          5,870           

Grand Total 875          724          1,097      657          842          985          1,469      1,151      7,800           
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Other Transmission Costs
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10-9ÅÁÒ 0ÌÁÎ Ȱ.ÅÁÒ 4ÅÒÍȱ ÔÒÁÎÓÍÉÓÓÉÏÎ ÁÎÄ 
distribution

ü115kV / 230kV transmission Lines 
üάƴŜŀǊ-term objective is to provide hardening/resiliency and/or rebuild 
мн ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎ όнот ŎƛǊŎǳƛǘ ƳƛƭŜǎύΦέ  tопΣ мл-year plan

üDistribution
üάΧфр ŦŜŜŘŜǊǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŎǊƛǘƛŎŀƭ ǿƛǘƘ ŀƴ ƛƳƳŜŘƛŀǘŜ ƴŜŜŘ ǘƻ 

repair. These feeders have been included in the near-term and 
ŎƭŀǎǎƛŦƛŜŘ ƛƴ ǘƘŜ ŦƛǊǎǘ ǘƛŜǊ ƻŦ ǇǊƻƧŜŎǘǎ ǘƻ ōŜ ŎƻƳǇƭŜǘŜŘΦέ 

üHow do these proposed infrastructure projects align with 
MiniGrid, or non-MiniGrid, transmission?

Optimization - Workshop #1 37



Questions and Discussion

ü What are the categories of transmission, or specific projects, that are 
readily seen as reasonable for installation? Any?

ü Can this be easily discerned? 

ü Where are the most denseurban clusters in the San Juan region? Other 
regions?

ü Should MiniGridhardening needs be separate from other transmission / 
distribution hardening needs?
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DER Options and 
Distributed 

Resiliency 
Approach
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DER Resiliency Solution Options and 
Approach - General

ü Options: Provide capacity and energy at specific facility locations, to 

serve critical ɀand other? - load

ü Microgrids

ü Standalone DER

ü Virtual Power Plants (VPP) ɀaggregate of standalone DER, possibly microgrid 

resource

ü Demand Response ɀbattery offerings through DR regulation

ü Approach: Determine locations across Puerto Rico best suited to DER 

(distant from hardened grid; less densely loaded areas)

ü Identify microgrid options

ü Identify stand-alone options

ü Determine deployment methods
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DER Options and Approach - Specific

ü Hi Level Costs, Attributes of DERs
ü Capacity

ü Energy

ü Ancillary Services (AS)

ü Controllability  

ü Considerations: Who pays? How? Capacity and energy? AS?

ü Determine/estimate which loads best served by DER approach
ü How to address small-scale, kW size needs ςresidential, small commercial ςmass 

market.

ü Determine/estimate which load best served by MiniGridapproach

ü Parameters to roughly bound solution sets:
ü Broadly: rural vs. urban / dense vs. less dense load

ü Distance from potential MiniGrid/ distance from existing transmission

ü Feeder load locational analysis

ü Transmission/sub-transmission system connected load 

ü Existing data from PREPA ςcritical load levels by feeder, other?
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PREPA Distributed Resiliency Approach 

ü DER approach minimal,  limited to microgrids; 50 zones identified

ü Identified critical, balance and balance load within each optional 

microgrid. No detailed analysis, cost, or deployment options assessed.

ü Portion of Exhibit 2.4 (Appendix 1, IRP):
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Sandia Distributed Resiliency Approach 

ü Sandia identified 159 candidate microgrids, supplemented with backup 

generation to critical assets in locations that may not warrant a 

microgrid.

ü System costs $1.2B if only critical loads served by microgrids and $2B 

to serve both critical and non-critical load. 

ü A large cluster of portfolios achieves performance benefits close to the 

do-everything scenario at cost on the order of $300-$400M.

üEstimate total microgrid cost on the order of $1.3-$2M per MW of 

peak load required for the microgrid

üAppendix A: Microgrid Cost Methodology pgs. 55-60

üLatitudes and longitudes of buildings suggested under each of the 

159 candidate microgrids 
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Snapshot from Sandia Report

ü Ȱ4ÈÅÒÅ ÉÓ Á ÇÒÅÁÔ ÒÁÎÇÅ ÉÎ ÓÉÚÅ ×ÉÔÈ ÔÈÅ ÍÉÃÒÏÇÒÉÄÓȟ ÓÏ ÔÈÅ ÃÏÓÔÓ ÆÏÒ ÇÉÖÅÎ ÍÉÃÒÏÇÒÉÄÓ ÖÁÒÙ ×ÉÄÅÌÙȢ )Ô ÍÁÙ 
be possible to further reduce the size of larger microgrids like microgrid 2, the Hospital Complex, or 
microgrid 3, the International Airport, by splitting them into smaller microgrids or serve a smaller 
subset of critical loads. In any case the results presented show load and cost comparative information 
which can be further analyzed to determine which ones are the most important and critical for service 
ÔÏ 0ÕÅÒÔÏ 2ÉÃÏ ÄÕÒÉÎÇ ÍÁÊÏÒ ÅÖÅÎÔÓȢȱ ɉ3ÁÎÄÉÁ ÒÅÐÏÒÔȟ ÐÁÇÅ υυɊ
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RMI Distributed Resiliency Approach 

ü RMI urged a DER-focused solution
ü Not a detailed, comprehensive presentation of DER solution

ü 20,000 critical facilities

ü Solar PV and storage

ü 650-700 MW PV capacity

ü 900-1,000 MWH battery storage 
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Microgrid Boundary Delineation

üDetermine boundaries for the potential distributed 
microgrid solutions 
üNote: Identify independent microgrids (e.g.some resilience 

nodes may overlap)
ü Can eventually look at a networked microgrid approach, where 

practical 

Data Inputs:
üSandia 2018 Microgrid Locations Report (159 microgrid 

locations) 
üElectrical distribution system layout (e.g.critical loads, feeders, 

switches, physical equipment, etc.) 

üAssess data on relative reliability and resiliency of individual 
feeders 

ü Identify existing grid resiliency solutions (e.g.batteries, 
generators, etc.) 
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Microgrid Design Considerations

ü Responsibility ü²Ƙŀǘ ƛǎ tw9t!Ωǎ ǊƻƭŜΚ /ǳǎǘƻƳŜǊ ǊƻƭŜΚ ¢ƘƛǊŘ-party role?

ü Backup Duration ü Duration of time microgrid required to be functional

ü Minimal time needed for microgrid operation

ü Size ü Size each microgrid system based on critical load demands 

ü Generation 
Resources

ü Types and composition of distributed generation 
considered

ü Maximum allowable renewable resource coverage for microgrid

ü Incorporation of available existing generation resources

ü Need for any new small fossil generation given PV/BESS 

economics? 

ü Grid-Tied ü Island-mode versus grid-connected



Microgrid Cost, Size, Design

ü Use standard sources (NREL, Lazard) to estimate costs for microgrid 
system, in aggregate, at high level, for purposes of this proceeding? 

ü Estimate total cost of microgrids 

üNote: Sandia estimates total microgrid cost ~$1.3M-$2M per MW of 
peak load

ü Sizing and designing microgrids:
ü Optimize resource mix to deliver least-cost microgrid solution for each location using 

techno-economic modeling tool (HOMER, DER-CAM, etc.)

ü Estimate other microgrid-related construction costs (e.g.overhead/underground lines, 
switches, points of common coupling, etc.)

ü Add safety factor to estimate other auxiliary costs (e.g.EPC, controls, etc.) 
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How much resiliency can avoidedtransmission buy?

ü $5.9 billion ςMG elements (transmission only) ςdistribution needs 
add more 

ü Microgrid costs (Sandia): ~$2 million/MW

ü@$6 billion: 3,000 MW worth of microgrid.

ü So why do any MiniGridapproach at all?

üDensely clustered load 

üAvailability of existing resources on grid, blue sky / partial 
outage conditions ςsupports resiliency, especially in 
near/medium term ςeconomies of scale for utility PV, BESS

üMiniGridςa form of a very large microgrid
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Questions and Discussion

ü Stand alone DER 

ü At what scale? 

ü How to procure? 

üWho pays? 

ü Capacity only, or capacity + energy?

ü Timeframe of deployment

ü Microgrid resources

ü Fully customer/third party, or role for PREPA / Other agencies?

ü How to design, size, integrate into PREPA grid

ü Feedback on Sandia distributed resiliency approach?

ü Timeframe of deployment

ü Other considerations?
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Wrap Up ɀDay 1

ü Open Questions / Discussion

ü Return to:
ü Analytical Approach

ü Load Segmentation

ü MiniGrid Elements

ü DER Options

ü Process ɀSubmitting information, responding to questions

ü Plans for Day 2
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http://energia.pr.gov

@NEPRenergia

787-523-6262

268 Ave. Muñoz Rivera, Edificio World Plaza

Nivel Plaza - Suite 202, Hato Rey, PR 00918
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Backup Slides ɀDay 1
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10-Year Plan Near Term Transmission
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